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Objective: The goal of this study was to evaluate the impact of urinary leukotriene (ULTE^) 
in asthmatic children during acute asthma exacerbation. Also, we wanted to correlate it with the 
total serum (TS) immunoglobulin (Ig) E level in relation to asthma severity. 
Methods: This prospective study was conducted in the emergency room of the Department 
of Pediatrics, Benha University Hospital in Benha, Egypt, from November 201 1 to May 2012. 
In this study, 63 children with acute asthma exacerbation (group I) and 25 healthy children as 
the control (group II) were included. Their ages ranged between 3-14 years. All children were 
subjected to a full medical history, and an emphasis was placed on the symptoms of asthma 
exacerbation and a complete clinical examination. TS IgE and ULTE^ were measured by an 
enzyme-linked immunosorbent assay after receiving the parents' consent. The LTE^ concentra- 
tion was measured in urine samples obtained at the onset of admission and adjusted by urinary 
creatinine concentrations. 

Results: The ULTE^ levels were significantly higher in cases compared to the controls 
(309.7+97.1 versus 14.5+5.7 pg/mg creatinine, respectively). It correlated positively to both 
the TS IgE and asthma severity in the cases. Also, the TS IgE levels increased significantly in 
cases (392.1+309.7 lU/mL), when compared to the controls (45.5+22.1 lU/mL). 
Conclusion: The ULTE^ and the TS IgE levels are significantly elevated during acute asthma 
episodes in children. The significant positive correlation between the severity of these attacks 
and the ULTE^ levels makes it a good noninvasive marker for monitoring acute asthma exac- 
erbations and follow-up of the inflammatory process in asthmatic children. 
Keywords: Egypt, ULTE^ in children, acute asthma 

Introduction 

In asthma, many cells (such as mast cells, eosinophils, and T lymphocytes) and cellular 
elements (such as cysteinyl leukotrienes [LTs], cytokines, and histamines) play a role 
in airway hyperresponsiveness.' 

LTs play a central pathophysiological role in asthma, particularly in specific sub- 
groups of patients with asthma.^ High cysteinyl LT concentrations have been detected 
in different body fluids, such as sputum, urine, and exhaled breath condensate from 
patients with asthma.^ 

The diagnosis and management of asthma in young children are currently based on 
subjective clinical features andmedical examinations. Therefore, there is a lot of interest 
in noninvasive techniques to assess inflammation - especially in children - as inflam- 
matory markers in exhaled breath condensate (such as nitric oxide and leukotriene 

[LTE^]) and blood (such as eosinophils and total and specific IgE).'* 
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The aim of this study was to evaluate the impact of 
urinary (U) LTE^ in asthmatic children during acute asthma 
exacerbation. Also, our aim was to correlate it with the total 
serum (TS) IgE level in relation to asthma severity. 

Methods 

This prospective cross-sectional study was conducted in 
the emergency room of Department of Pediatrics, Benha 
University Hospital, between November 20 1 1 and May 20 1 2. 
Eighty-eight children were included in this work. They were 
divided into two groups. In group I, there were 63 asthmatic 
children during the acute attack (first 24 hours). Their ages 
ranged from 3-14 years, with a mean of 7.9+3.5 years. In 
group 11, 25 healthy children were matched for age and sex as 
a control group. Their mean age was 6.7+3.3 years. Patients 
with other chronic chest, cardiovascular, or neurological 
disease were excluded from this study. 

Ethics permission was granted by the Ethics Committee 
of the Faculty of Medicine at Benha University, in September 
20 1 1 . An informed, written consent was also taken from all 
the children's parents before the beginning of the study. 

Both groups were subjected to the following: 1) full 
medical history with an emphasis on the symptoms of asthma 
exacerbation, such as breathing difficulties, coughing, and a 
detailed drug-use history, (for example, bronchodilators and 
parenteral corticosteroids); 2) complete clinical examination; 
3) measurement of LTE^ in urine (5 mL of midstream urine 
was collected in plastic tubes and stored in -20°C. Urine 
samples were taken from each patient at the onset of admis- 
sion to the emergency room and before using any medica- 
tion; and 4) measurement of the TS IgE (1 mL blood sample 
obtained under aseptic technique, centrifuged immediately 
[Clay Adams® Dynac® II Centrifuge] , and with serum, stored 
at -20°C until further use). 

Principle of assay of LTE^ by enzyme- 
linked immunosorbent assay (ELISA) 

This assay (ACE EIA kit. Cayman Chemical, Ann Arbor, 
MI, USA) was based on the competition between the LTE^ 
and the LTE^-acetylcholinesterase (AChE) conjugate (LTE^ 
tracer) for a limited amount of LTE^ antiserum. Because 
the concentration of the LTE^ tracer was held constant 
while the concentration of the LTE^ varied, the amount of 
LTE^ tracer that was able to bind the LTE^ antiserum was 
inversely proportional to the concentration of the LTE^ in 
the well. This antibody-LTE^ complex was bonded to a 
mouse monoclonal antirabbit IgG that had been previously 



attached to the well. The plate was washed to remove any 
unbound reagents and then Ellman's reagent (which contains 
the substrate to AChE) (Cayman Chemical) was added to the 
well. The product of this enzymatic reaction had a distinct 
yellow color and absorbed strongly at 420 nm. The intensity 
of this color determined spectrophotometrically was propor- 
tional to the amount of LTE^ tracer bound to the well, which 
was inversely proportional to the amount of free LTE^ present 
in the well during the incubation, according to the equation 
by Haus et al:^ 

Absorbance a (bound LTE^ tracer) a 1/(LTE^)= [1] 

Measurement of TS IgE by ELISA 

The total IgE was measured by using the Quantitative ELISA 
Kit (PishtazTeb Zaman Diagnostics, Tehran, Iran) according 
to the manufacturer's instructions. The absorbance was read 
on a microplate reader, reading at the 450 nm wavelength. The 
detection limit of the IgE by this kit is 1 lU/mL; the intra- and 
interassay coefficients of variation for quality control samples 
were 6% and 7.35%, respectively.'' 

The SPSS statistical software, version 10.0 (IBM, Armonk, 
NY, USA) was used for data analysis. The mean and the stan- 
dard deviation are descriptive values for quantitative variables. 
The Student's ^-test and the nonparametric /-test (the Mann- 
Whitney (y-test) were used for comparing the means of the 
two independent groups. The analysis of variance compared 
means of more than two independent groups. The Pearson 
correlation analysis and Spearman's rho correlation measured 
the association between the quantitative variables. 

Results 

The mean age of cases in this study was 7.9+3.5 years; in 
the control group, it was 6.7+3.3 years. In group I, 43 were 
males (68.3%) and 20 were females (31.7%); the ratio was 
2.1:1. In group II, 18 were males (72.0%) and seven were 
females (28.0%) (Table I). 

The distribution of cases, according to asthma severity, 
was as follows: mild (55.6%); moderate (31.7%); and severe 
(12.7%). Viral upper respiratory tract infection was the most 

Table I General characteristics of the studied groups 



Variable Group I Group II 



Age 


7.9±3.S 


6.7±3.3 


Sex 






Male 


43 (68.3%) 


18 (31.7%) 


Female 


20 (72.0%) 


7 (28.0%) 


Total 


63 


25 
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common trigger causing asthma exacerbation in 44% of cases. 
A positive family history of asthma and atopy was found in 
46% of cases. The history of atopy was around 85%. In these 
cases, 61%) had allergic rhinitis, 17.4% had allergic dermatitis, 
and 6.6% had a history of food and drug allergy. 

We found that there was a highly significant difference 
between the levels of ULTE^ between cases (309.7+97. 1 pg/mg 
creatinine) and the control (14.5+5.7 pg/mg creatinine) 
group. The ULTE^ levels had a positive correlation with 
asthma severity (Table 2). The TS IgE levels among group I 
members were significantly elevated to 392.1+309.7 lU/mL 
with a very wide range (57-1,215 lU/mL) than in group IPs 
45.5+22.1 lU/mL and positively correlated with asthma 
severity (Table 3). 

There was a highly significant positive correlation 
between the ULTE^ levels and the TS IgE levels among 
group I (Figure 1). There was no significant impact of age or 
sex on TS IgE and ULTE^ levels among asthmatic cases. 

Discussion 

The predominance of male cases (43 ;20 with a ratio of 2. 1 : 1 ) 
in our study agreed with de Marco et al (2000),' when a large 
study - conducted in 16 countries with more than 18,659 
asthma patients - showed that asthma was more prevalent 
in males than females throughout childhood. The Mandhane 
et al (2005)** study confirmed these results, finding that males 
more often developed childhood wheeze than females. 

The present study demonstrated that the distribution of 
cases according to bronchial asthma severity was as follows: 
mild (55.6%); moderate (31.7%)); and severe cases (12.7%). 
Mild was the most prevalent. This distribution of asthma sever- 
ity in Egypt is consistent with the pattern reported in several 
countries, as concluded by Chipps et al (2006)' and Sim5es 
et al (2010).'° Also, Hossny et al (2009)" confirmed these 
results in a study of 422 asthmatic children living in Cairo 
and its suburbs. Their results were as follows: 88.3% had mild 
asthma; 10.2%), moderate; and 1.5%), severe. 



Table 2 Level of urinary LTE^ (pg/mg creatinine) according to 
asthma severity 



LTE, 


Mean ± SD 


t 


P 


Severity 








Mild (n=3S) 


247.8±30.l 


tl = l3 


P<O.OOI 


Moderate (n=20) 


336.S±20.2 


t2=7.67 


P<O.OOI 


Severe (n=8) 


5 1 3.3±96.9 


t3=S.I2 


P<O.OOI 


Notes: tl, mild versus 


moderate; t2, mild 


versus severe; f3. 


moderate versus 



Abbreviations: LTE^. leukotriene E^; SD, standard deviation. 



Table 3 TS IgE (lU/mL) levels according to asthma attack severity 



TS IgE 

Severity 


X± SD 


t 


P-value 


Mild (n=3S) 


242. I±l 54.1 


t/=2.83 


P<O.OI 


Moderate (n=20) 


39S.7±2I3.I 


f2=l4.l 


P<O.OOI 


Severe (n=8) 


I,039.2±I4I.3 


t3=9.32 


P<O.OOI 



Notes: tl , mild versus moderate; tl, mild versus severe; t3, moderate versus severe. 
Abbreviations: TS IgE, total serum IgE; SD, standard deviation. 



The ULTE^ in the present study showed a highly signifi- 
cant increase (309.7+97. 1 pg/mg creatinine) in group I when 
compared to group II (14.5+5.7 pg/mg creatinine). Also, the 
ULTE^ levels showed a highly significant positive correla- 
tion with asthma severity in group I: mild versus moderate, 
/'<0.001 ; mild versus severe, P<0.00 1 ; and moderate versus 
severe, P<0.001. 

In the Kawagishi et al (200 1 )'^ study on asthmatic patients 
without attack, the values of ULTE^ were significantly higher 
in the asthmatic patients (1 13.6+9.7 pg/mg creatinine) than 
in the healthy control (67.8+4.7 pg/mg creatinine), and the 
level of ULTE^ was positively correlated with the severity of 
the disease. Yoshikawa et al (2004)" confirmed this where 
ULTE^ levels during an acute attack (median 476 pg/mg 
creatinine) and during the stable condition (median 332 pg/ 
mg creatinine) were significantly higher than those of the 
controls (median 233 pg/mg creatinine). 

This was confirmed also by He et al (2009)'* who found that 
the ULTE^ levels of asthmatic children at acute and convales- 
cence phases were significantly higher than the control group 
(P<0.01 ) and were significantly reduced at the convalescence 
phase when compared to the acute phase {P<0.0\). 

Our results showed that the TS IgE levels were increased 
more significantly in cases (392. 1+309.7 lU/mL) than in the 
controls (45.5+22. lIU/mL) (/=8.83 andP<0.001). Also, they 
were increased significantly with asthma severity. There was 
a significant positive correlation between TS IgE and ULTE^ 
(P<0.00 1 ) in group I, but both TS IgE and ULTE^ levels had 
an insignificant relation to age and sex among cases. 

These results are confirmed by Haselkorn et al (2010).'^ 
While evaluating the relationships between patient characters, 
for example, age, sex, and the atopic indicators of asthma 
in children, Haselkorn reported allergic rhinitis in approxi- 
mately two-thirds of patients. This finding was compatible 
with our cases (62%); up to 25% of the Haselkorn patients 
had atopic dermatitis (17% in our study). Severe or difficult- 
to-treat asthma in children is associated with high IgE levels. 
All cases with severe asthma had the highest level of TS IgE 
in our study. 
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In the present study, the history of atopy was positive in 
85% of cases. We detected that all cases with a low TS IgE 
(seven out of the 63 cases included in the study) had a history 
of atopy, while the remaining cases with the highTS IgE level 
had a history of atopy in only 47 cases (83% of the cases). 
So, from these results, we suggested that the elevation of TS 
IgE level is a good indicator of atopy (good sensitivity), and 
the decrease of TS IgE level even to low levels can't exclude 
atopy (poor specificity). 

In agreement with our results, Azzazy et al (2008)"" 
demonstrated the overlapping in TS IgE levels in cases with 
asthma and controls with an insignificant difference in the 
mean TS IgE level between atopic and nonatopic asthma 
(313.3+154.4 and 283.2+119.8 lU/L). 

In the Fajraoui et al (2008)" study, they proved our results by 
showing that the TS IgE in that both allergic and control groups 
were overlapped. The measure of the TS IgE level is not helpfial 
for a diagnosis of allergic (respiratory) diseases, because it has 
a quite good sensibility but a poor specificity and poor negative 
predictive value. So, the test was more sensible and less specific 
in children. The essential role of IgE in asthma was found by 
Gergen et al (2009),'^ regardless the atopic status. 

Conclusion 

The ULTE^ and the TS IgE levels are significantly elevated dur- 
ing acute asthma episodes in children. The significant positive 
correlation between the severity of these attacks and the ULTE^ 
levels make it a good, simple noninvasive marker for monitoring 



the severity of acute asthma, and it can be used in a follow-up 
of the inflammatory process in asthmatic children. Due to the 
high cost of this test, however, its use is still limited. 
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